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closure for the handicapped 

(57) To produce a control signal in 
response to closure of the eye, a 
visible light transmitter 1 5 and re- 
ceiver 1 6 are mounted on a specta- 
cle frame or similar so as to be 
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puter may display a sequence of 
.characters on a visual display unit 
and respond to the control signal so 
as to store for further processing 
e.g. printing the character being 
displayed at the time. The control 
signal may control other equipment 
e.g. a* wheelchair. 
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(54)' Control in response to eye 
closure for the handicapped 

(57) To produce a control signal in 
response to closure of the eye, a 
visible light transmitter 1 5 and re- 
ceiver 1 6 are mounted on a specta- 
cle frame or similar so as to be 
stituate above and in front of the 
eye. Conductors 1 9 are connected 
to a control circuit arranged to sup- 
ply modulated current to the trans- 
mitter 1 5 and to respond to 
changes in light levels received by 
the receiver 16. The open eye 
reflects little light, but the scattering 
effect of the eyelid when the eye is 
closed reflects a greater amount of 
light to the receiver 1 6. Comparing 
the phase of the transmitted and 
received light allows effects of am- 
bient light to be eliminated, and a 
delay circuit discriminates deliberate 
eye closure from blinking. A com- 



puter may display a sequence of 
characters on a visual display unit 
and respond to the control signal so 
as to store for further processing 
e.g. printing the character being 
displayed at the time. The control 
signal may control other equipment 
e.g. a wheelchair. 
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SPECIFICATION 

Control apparatus and methods 
for the handicapped 

5 

This invention relates to control apparatus 
suitable for use by severely physically handi- 
capped people — for example quadraplegic . 
athetoids — as well as to methods of control of 

1 0 at least one function by such people. 

People suffering from athetosis very often 
have considerable difficulty operating even 
simple equipment in view of the loss of direct 
' control of the movement of their limbs or 

1'5 extremities. In the case of severe athetosis,* 
communication with others can become ex- 
tremely difficult because the vocal powers also 
may not be controllable, and this can lead to 
acute frustration because quite often the men- 

20 tal faculties remain relatively unimpaired, not- 
withstanding the physical handicap. 

In an attempt to alleviate the problems of 
severely handicapped persons, such as qua- 
draplegic athetoids, there have been de- 

25 signed various devices adapted to respond to 
what limited physical control the person can 
muster. For example, equipment is known 
which can respond to gross movement of 
limbs whilst ignoring rythmic lesser move- 

30 ments, the equipment being suitably coupled 
to a function to be controlled. Also known is 
equipment which can be connected to the 
head of a handicapped person and which is 
capable of responding to head movement, for 

35 quite often control of head movements can be 
maintained even if there is no control of limb 
movements. 

The above proposals are not suitable for use 
with the most severely physically handi- 

40 capped, but there is known for such cases 
apparatus having a mouthpiece through which 
a person may suck or blow, the apparatus 
responding to detected changes in pressure. 
This apparatus has met with some measure of 

45 success because even severely physically 
handicapped persons can usually manage to 
control the respiratory functions, but unfortu- 
nately the apparatus is expensive to manufac- 
ture, maintain and operate. Moreover, the 

.50 bulk and complexity of the apparatus limits 
the number of functions which can be con- 
trolled, and the speed of operation is very 
slow, restricted by the rate at which the 
person can control his sucking or blowing 

55 actions. The speed becomes important for 
example in the case of a person trying to 
control a typewriter to express himself, where 
the person does not have vocal powers. 
Observations of quadraplegic athetoids have 

60 shown that, in addition to the control of the 
respiratory functions, there is almost invari- 
ably largely unimpaired control of the eyes, 
and this invention stems from the realisation 
that such a handicapped person may be able 

65 to use his eyes to control other functions, 
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such as operating a typewriter or even a 
wheelchair. 

Accordingly, this invention provides control 
apparatus for a physically handicapped per- 

70 son, comprising a frame for wearing in the 
manner of a pair of spectacles, a radiation 
transmitter mounted on the frame so as to 
direct radiation generally towards one eye of a 
user wearing the frame, a radiation receiver 

75 also mounted on the frame and adapted to 
produce an electrical output on receiving radi- 
ation originating from the transmitter and 
reflected by the eye of a user, and electric 
circuit means arranged to respond to an out- 

80 put from the receiver and to produce a corre- 
sponding control signal. . 

In this invention, use is made of the relative 
reflective qualities of the parts of the eye- 
that is, the eyeball and the eyelid. When the 
85 eyelid is closed, radiation directed at the eye 
is scattered by the eyelid, as compared with 
the characteristics of the eyebalL Though it 
may be possible suitably to position the trans- 
mitter and receiver so that the receiver norm- 
90 ally receives radiation reflected from the eye- 
bail when the eye is open, there being a fall 
in received level on closing the eyelid, it is 
however greatly preferred for the relative posi- 
tion of the transmitter and receiver to be such 
95 that when the eye is open, only a small amount 
of radiation is received (because of the direc- 
tional reflectivity and absorbtion characteris- 
tics of the eyeball), whereas when the eyelid 
is closed a relatively large amount of radiation 

100 is received due to the scattering effect of the 
eyelid directing some radiation back to the 
receiver. The electronic circuit means can then 
respond to this change in received radiation 
levels, to produce the control signal. 

1 05 The transmitter advantageously radiates 
electromagnetic waves, preferably in the visi- 
ble waveband, and to minimise any risk of 
damage to the user's eyes, only relatively low 
light levels should be employed. For example, 

110 a light-emitting diode producing light in the 
red region has been found to be suitable. 
' However, other wavelengths than visible light 
could be employed, or possibly even other 
forms of radiation — such as ultrasonic radia- 

1 1 5 tion. In order to eliminate the effect of ambi- 
ent radiation of the same type as that trans- 
mitted to the eye, it is preferred to modulate 
the transmitted radiation at some frequency, 
the electronic circuit means ignoring outputs 

120 from the receiver other than those correspon- 
dingly modulated. For example, in the case of 
a light-emitting diode being used as a trans- 
mitter, the current supplied thereto may be 
modulated at a relatively high frequency (for 

125 instance in the r.f. band), the output from the 
receiver being fed to a phase comparator also 
receiving the modulated waveform fed to the 
light-emitting diode. Then, only if the modu- 
lating waveform and the receiver output are in 

130 phase would the circuit means produce a 
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control signal. 

The receiver is advantageously in the form 
of a phototransistor when the transmitter is a 
light-emitting diode, in order to give a high 
5 sensitivity coupled with a good frequency re- 
sponse to detect the modulated transmitted 
light. Conveniently, the photo-transistor out- 
put is amplified and fed through a band pass 
filter before being passed to the phase com- 
10 parator. 

In order that a deliberate eyelid closure can ' 
be discriminated from a natural blink, the 
electronic circuit means preferably includes a 
delay circuit having a time constant slightly 

1 5 greater than the longest normal blink time. 
Then, before the control signal is yielded, the 
relevant eyelid must remain closed for longer 
than the time constant of the delay circuit. 
The control signal could be used to cause 

20 operation of a wide variety of equipment 

requiring a simple on/off control, but in order 
to increase the usefulness of the apparatus of 
this invention, it is greatly preferred for means 
to be provided which cyclically indicates one 

25 of a number of functions, and which causes 
the indicated function to operate if a control 
signal is at that time yielded. For example, in 
the case of a powered wheelchair, such 
means could indicate on a display cyclically 

30 and in sequence the functions of forwards, 
left, right, stop and reverse, the means caus- 
ing the wheelchair to perform the required 
function upon the user closing his eyes when 
the intended function is displayed. 

35 The most preferred form of the apparatus of 
this invention includes a computer and visual 
display unit (v.d.u.) adapted to respond to the 
control signal of the electronic circuit means. 
For example, to assist communication by a 

40 quadraplegic athetoid, the computer may dis- 
play in sequence on the v.d.u. the letters of 
the alphabet followed by the numbers 0 to 9; 
when the user sees a required character he 
closes his eyes thus producing the control 

45 signal. The computer program may then re- 
spond to the generation of such a signal, to 
write the required character at the next avail- 
able position in a line of such characters being 
built up in this way for example at the lower 

50 part of the v.d.u.; when a whole line has been 
built up in this way, it could automatically be 
transferred to a hard copy printer also con- 
nected to the computer. 
The characters are preferably displayed one- 

55 at-a-time, .at a size convenient for the person 
using the apparatus. However, the program 
could cause a whole character set to be writ- 
ten on the v.d.u., and then cause a cursor to 
indicate the characters in sequence, the opera- 

60 tion otherwise being the same. Also, the pro- 
gram may be arranged to display — ^for exam- 
ple at pre-set intervals — a Set of other func- 
tions, any of which could be selected in the 
same manner. Such functions could include 

65 control of heating or ventilation, calling for 



assistance or food, and so on. Yet another 
possibility would be for the program to recog- 
nise certain pre-defined reserved words which, 
when built up, would cause the computer to 

70 perform a required function associated with 
that word. Clearly, in view of the great flexibil- 
ity of a computer program, there is a very 
large number of other possibilities. 
According to another aspect of this inven- 

75 tion, there is provided a method of controlling 
a function by a handicapped person, compris- 
ing directing radiation towards the eye of the 
person, receiving radiation reflected from the 
eye both when the eye is open and is closed, 

80 detecting the change in level of received radi- 
ation when the eye is closed, and producing a 
control signal in response to a detected 
change in received radiation levels which sig- 
nal controls said function. 

85 Preferably, the radiation directed towards 
the eye is visible light which advantageously 
is modulated at a predetermined frequency. 
Then, effects of ambient light can be elimi- 
nated by ignoring received radiation other 

90 than correspondingly-modulated light. 

In a most preferred method of this inven- 
tion, a computer is caused by means of an 
associated program to indicate a succession of 
characters on a v.d.u. at a rate slower than 

95 the response time of the user, and on receiv- 
ing the control signal the computer causes the 
character for the time being indicated to be 
stored for further processing. The program 
may for instance cause that character to be 
1 00 added at the next space of a line of such 
characters being built up on the v.d.u., and 
moreover may cause that line to be printed on 
a printer connected to the computer, when 
the line is complete. 
1 05 By way of example only, one specific em- 
bodiment of apparatus of this invention will 
now be described in detail, reference being 
made to the accompanying drawings, in 
which: — 

110 Figure 7 is a diagrammatic view of that part 
of the apparatus worn by a user; 

Figure J? is a rear view of that part shown in 

Fig. 1; 

Figure 3 is a plan view of that part shown 
1 1 5 in Figs. 1 and 2; and 

Figure 4 is a block diagram of a simple 
electronic circuit suitable for use with the part 
shown in Fig. 1, to produce a control signal. 
The following description is of a specific 
1 20 embodiment of this invention intended for use 
by severely physically handicapped people, 
such as those suffering from quadraplegic 
athetosis, who cannot exercise proper control 
of their limbs, extremities or voice, but who 
125 can nevertheless still control their eye move- 
ments including the eyelid action. 

Referring initially to Figs. 1 to 3, it can be 
seen that the part of apparatus worn by the 
handicapped person essentially is in the form 
1 30 of a frame 1 0 of a pair of spectacles, which 
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may or may not be fitted with lenses, as 
appropriate. The frame 1 0 preferably is of the 
so-called 'sport' variety, in which the side bars 
1 1 thereof have extended portions 1 2 which 
5 curl round behind the ears of a user, so as 
more securely to hold the frame in the re- 
quired position. In this way, the frame is less 
likely to be dislodged despite any involuntary 
movements of the user's head. The frame 
1 0 could Instead be of a known form intended for 

' children's spectacles, having elastic attached 
thereto and which may pass around the head 
of the user, more securely to hold the frame 

' in place. 

15 Mounted on the upper member 1 3 of the 
frame 1 0 above one lens is a block 1 4 which 
carries a light-emitting diode 1 5 and a photo- 
transistor 16, having optical axes 17 and 18 
respectively. The diode 1 5, when energised, 

20 thus will direct light generally towards the eye 
of a user, whilst the phototransistor 1 6 will 
receive light reflected from the eye. Conduc- 
tors 1 9 are led from the block 1 4 along the 
frame and a side bar to a point adjacent the 

25 free end of a side bar, whereat the conductors 
are secured to the side bar to prevent dam- 
age; from there the conductors trail to a 
connector (not shown) suitable for connection 
to an electric circuit (Fig. 4). Within the block 

30 1 4, the conductors are appropriately con- 
nected to the light-emitting diode 1 5 and 
phototransistor 16. 

The electronic circuit for use with the frame 
10 is shown in Fig. 4, and comprises an 

35 oscillator 20 feeding an amplifier 21 and a 
phase comparator 22. The amplifier 21 drives 
the light-emitting diode 1 5, such that the light 
generated thereby is modulated at the fre- 
quency of the oscillator 20, which typically is 

40 in the r.f. band. The phototransistor 1 6 re- 
ceives light reflected from the eye 23 of a 
user, and the phototransistor output is ampli- 
fied by amplifier 24 and passed through a 
band-pass filter 25 to the phase comparator 

45 22. An output from the phase comparator 22 
only occurs when the output from the photo- 
transistor is modulated at the same frequency 
and is in phase with the signal energising the 
light-emitting diode: this serves to eliminate 

.50 the effects of ambient light falling on the 
phototransistor 16. 

The output from the phase comparator is 
amplified by amplifier 26, the output driving a- 
Schmitt trigger 27 which serves to ensure 

55 that drift of the amplifier 26 does not cause 
spurious operation. A delay circuit 28 delays 
an output pulse from the trigger 27, the delay 
period being set to be longer than the dura- 
tion of a natural blink but shorter than the 

60 duration of a deliberate eye closure. The delay 
circuit output drives a transistor 29, which 
produces a control signal on line 30, suitable 
for controlling a desired function. For exam- 
ple, in the preferred case in which the appa- 

65 ratus has been coupled to a computer, as 



described hereinbefore, the control si gnal may. 
take the form of an interrupt request IRQ, to 
cause the computer to perform some pre- 
programmed routine. 

70 In use, the apparatus described above pref- 
erably has the control signal line 30 con- 
nected to a computer having a visual display 
unit and a program arranged to cause the 
computer cyclically to indicate the characters, 

75 one at a time, of a displayed set. Th en, o n an 
interrupt request being recieved (the IRQ sig- 
nal), the program causes the character instan- 
taneously being indicated to be loaded at the 
next available space of a line of such charac- 

80 ters being built up on the v.d.u. In this way, 
and by including in the character set special 
characters such as punctuation and reserved 
characters to cause a built-up line to be 
printed, complete sentences, paragraphs and 

85 so on can be generated and produced in a 
hard copy. 

The user simply has to wear the frame 10 
having if required suitable lenses fitted ther- 
eto, and deliberately close his eyes on the 
90 required character of the set being indicated. 
Conveniently, the characters are displayed at 
an appropriate size, one at a time, and the 
user then merely has to close his eyes briefly 
on seeing the required character. The speed 
95 of character change should of course be made 
no faster than the user can follow, and this 
may vary from case to case. 

It will be appreciated that in view of the 
directional reflective characteristics of the eye 

100 when open, very little light from the light- 
emitting diode 1 5 will be reflected back to the 
phototransistor 16 so long as the eye remains 
open. However, on the user closing his eye on 
seeing the required character, the eyelid, 

1 05 though less reflective than some parts of the 
eyeball, scatters light falling thereon and con- 
sequently a greater quantity of light is re- 
ceived by the phototransistor whilst the eyelid 
closes the eye. 

1 1 0 Effects of ambient light are filtered out by 
modulating the transmitted light and compar- 
' ing received light with the modulating signal. 
Moreover, involuntary blinking is ignored, by 
virtue of the delay circuit 28. Thus, a fast and 

1 1 5 reliable means of communication may be^ 

achieved for even the most severely physically 
handicapped persons, and additionally the ap- 
paratus may easily be adapted to control a 
wide variety of functions besides the com- 

120 puter-controlled character-processing arrange- 
ment described above. 

CLAIMS 

1 . Control apparatus for a physically-hand- 
125 icapped person, comprising a frame for wear- 
ing in the manner of a pair of spectacles, a 
radiation transmitter mounted on the frame so 
as to direct radiation generally towards one 
eye of a user wearing the frame, a radiation 
1 30 receiver also mounted on the frame and 



adapted to produce an electrical output on 
receiving radiation originating from the trans- 
mitter and reflected by the eye of a user, and 
electric circuit means arranged to respond to 
5 an output from the receiver and to produce a 
corresponding control signal. 

2. Control apparatus according to claim 1, 
wherein the electric circuit means is arranged 
to respond to a change in received radiation 

1 0 levels to produce the control signal compar- 
ing the received radiation levels with the us- 
er's eyelid open and closed, respectively. 

3. Control apparatus according to claim 2, 
wherein the electric circuit means is arranged 

1 5 to produce the control signal when the re- 
ceived radiation level increases suddenly, cgr- 
responding to the user closing his eyelid. 

4. Control apparatus according to any of 
the preceding claims, wherein the transmitter 

20 radiates electromagnetic waves in the visible 
waveband. 

5. Control apparatus according to claim 4, 
wherein the transmitter comprises a light-em- 
itting diode having a transmission characteris- 

25 tic in the red region. 

6. Control apparatus according to any of 
the preceding claims, wherein means are pro- 
vided to modulate the transmitted radiation at 
a predetermined frequency, and the electronic 

30 circuit means is arranged to ignore outputs 
from the receiver other than one which is 
correspondingly modulated. 

7. Control apparatus according to claim 6, 
wherein the modulating means is arranged to 

35 modulate current supplied to the transmitter 
and a phase comparator is provided to operate 
both on the output from the receiver and also 
on the modulated waveform fed to the trans- 
mitter, the production of the control signal 

40 depending upon the output from the phase 
comparator. 

8. Control apparatus according to any of 
the preceding claims, wherein the receiver is a 
phototransistor. 

45 9. Control apparatus according to claim 8, 
wherein an amplifier and a band pass filter are 
provided to operate on the output from the 
phototransistor. 

10. Control apparatus according to any of 
50 the preceding claims, wherein the electric 

circuit means includes a delay circuit having a 
time contact slightly greater than the longest 
typical blink time of a user. 

1 1 . Control apparatus according to any of 
55 the preceding claims, wherein means are pro- 
vided which cyclically indicate one of a num- 
ber of functions, and which cause the indi- 
cated function to be operated if a control 
signal is at that time yielded. 

60 1 2. Apparatus according to claim 1 1 , 
wheren there is provided a computer which 
drives a visual display unit and which Is 
adapted to respond to the control signal pro- 
duced by the electric circuit means. 

65 13. A method of producing a control sig- 
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nal by a handicapped person, comprising di- 
recting radiation towards the eye of the per- 
son, receiving radiation reflected from the eye 
both when the eye is open and is closed, 

70 detecting the change in level of received radi- 
ation when the eye is closed, and producing a 
control signal in response to a detected 
change in received radiation levels which sig- 
nal controls said function. 

75 14. A method according to claim 13, in 
which the radiation directed towards the eye 
is visible light. 

15. A method according to claim 14, in 
which the visible light is modulated at a 

80 predetermined frequency. 

16. A method according to claim 1 5, in 
which the received radiation is fed to a phase 
comparator for comparison with the modula- * 
tion of the directed radiation, and the control 

85 signal is produced depending upon the com- 
parison. 

17. A method according to any of claims 
1 3 to 1 6, in which the received radiation is 
fed through a delay circuit having a time 

90 constant slightly greater than the longest typi- 
cal blink time of the person so as to allow 
discrimination between a natural blink and a 
deliberate eyelid closure for producing a con- 
trol signal. 

95 18. A method according to any of claims 
13 to 17, in which a computer is caused by 
means of an associated program to indicate a 
succession of characters on a visual display 
unit at a rate slower than the response time of 
100 the handicapped person, and the control sig- 
nal is supplied to the computer to cause the 
computer to store the character for the time 
being indicated for further processing. 

1 9. Control apparatus substantially as 
105 hereinbefore described with reference to and 

as illustrated in the accompanying drawings. 

20. A method of producing a control sig- 
nal substantially as hereinbefore described 
with reference to the accompanying drawings. 
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